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A comparative molecular similarity indices analysis (CoMSIA) of a set of 42 3,4-dihydroquinazolines have
been performed to find out the pharmacophore elements for T-type calcium channel blocking activity.
The most potent compound, 33 (KYS05090) was used to align the molecules. As a result, we obtained
3D QSAR model which provided good predictivity for the training set (q2 = 0.642, r2 = 0.874) and the test
set (r2

pred = 0.884). This model would guide the design of new chemical entities potentially having high
potency.

� 2009 Elsevier Ltd. All rights reserved.
Calcium channels are the primary route for translating electrical
signals into the biochemical events underlying key processes such
as neurotransmitter release, cell excitability, and gene expression.1

Among calcium channels, T-type or low voltage activated (LVA)
calcium channels are thought to contribute to neuronal excitability
and also play crucial roles in the control of blood pressure.2 There-
fore, T-type calcium channels are important therapeutic targets for
the treatment of epilepsy, neuropathic pain, and cardiovascular
diseases such as hypertension and angina pectoris.3 A T-type cal-
cium channel blocker, mibefradil (IC50 = 1.34 ± 0.49 lM; Posi-
cor™), has been used in treatment of hypertension and stable
angina.4 Shortly following its introduction, mibefradil was with-
drawn from the US market in May 1998 because of potential harm-
ful interactions with other drugs.5 Since the withdrawal of
mibefradil, efforts aimed at discovery of new T-type calcium chan-
nel blockers have intensified.6 As a result of continuous structure–
activity relationship study on 3,4-dihydroquinazoline series, we
have recently discovered KYS05090 (entry 33) which is a very po-
tent blocker (IC50 = 41 ± 1 nM) against T-type calcium channel and
also is as potent as doxorubicin against some human cancer cells
without acute toxicity (Fig. 1).7,8 Based on the library of synthetic
3,4-dihydroquinazolines, in the present study, we have performed
the 3D QSAR studies on these compounds by comparative molecu-
lar field similarity indices analysis (CoMSIA) method, which pro-
All rights reserved.
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duces three-dimensional models to indicate the regions that
affect biological activity with the change in chemical substitution.9

Among the library of 3,4-dihydroquinazoline compounds re-
ported by our group, 42 compounds showing a wide range of
IC50 values (0.041–35.8 lM) were selected for the present study.
The biological activities (IC50 data) on HEK 293 cell with stabilized
a1G T-type calcium channel were converted to pIC50 (�log IC50)
values and used for CoMSIA analysis. Thirty-five molecules were
used as the training set and the remaining seven molecules were
used as the test set to validate the developed CoMSIA model (Table
1). All molecular modeling calculations were performed using SYB-

YL8.1 on Linux.10 Energy minimizations were performed using Tri-
pos Force Field10,11 and Gasteiger-Huckel charge with conjugate
gradient method with convergence criterion of 0.05 kcal/mol. As
no structural information is available about ligand–receptor com-
plexes for T-type calcium channel, the minimum energy conforma-
tion of 33 (KYS05090: lowest IC50 value) via simulated annealing
protocol (heating molecule at 700 K for 1000 fs and annealing mol-
ecule to 200 K for 1000 fs) was used as a template to align the se-
lected compounds assuming that this template is a bioactive
conformation.12 In particular, this conformation was obtained
based on arbitrary 4S configuration of 33 because all 3,4-dihydro-
quinazoline compounds were prepared as racemates and thus this
arbitrary S configuration was used for all the molecules. We
aligned the molecules using this template as shown in Figure 2.

The steric, electrostatic, and hydrophobic potential fields for
CoMSIA were calculated at each lattice intersection of a regularly
spaced grid of 2.0 Å and attenuation factor of 0.3. The regression
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Table 1
Structures, actual and predicted inhibitory activities of 3,4-dihydroquinazolines
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Type I (1-2) Type II (3-17, 36-37, 40) Type III (18-25) Type IV (26-35, 38-39, 41-42)

Entry R1 R2 R3 R4 Actual pIC50 Pred. pIC50 Residual

Training set
1 1-Piperidinyl Ph — — 4.558 4.536 �0.022
2 Ph Ph — — 4.971 4.978 0.008
3 4-Me-piperazinyl Ph H — 4.446 4.638 0.192
4 1-Piperidinyl Ph NH2 — 4.885 5.210 0.324
5 1-Piperidinyl Ph p-Me–Ph–SO2NH — 6.770 6.326 �0.444
6 N(Me)2 Ph NO2 — 6.456 6.570 0.114
7 N(Me)2 Ph p-Me–Ph–SO2NH — 6.201 6.044 �0.157
8 N(Me)2 Ph p-F–Ph–SO2NH — 6.367 6.286 �0.081
9 1-Piperidinyl Et NO2 — 6.061 5.920 �0.141

10 1-Piperidinyl Et p-Me–Ph–SO2NH — 6.018 5.953 �0.065
11 1-Piperidinyl Et p-F–Ph–SO2NH — 5.983 5.810 �0.173
12 N(Me)2 Et NO2 — 5.664 5.989 0.325
13 N(Me)2 Et p-Me–Ph–SO2NH — 5.951 5.840 �0.111
14 N(Me)2 Et p-F–Ph–SO2NH — 5.387 5.715 0.328
15 1-Piperidinyl Et H — 5.339 4.697 �0.642
16 N(Me)2 Et H — 4.617 4.761 0.144
17 1-Piperidinyl Ph 2-Thiophenyl–SO2NH — 5.996 6.011 0.015
18 H Ph NH2 OCH3 6.523 6.344 �0.179
19 H Ph NH–tBoc OCH3 6.432 6.640 0.208
20 H Ph NH–tBoc PhCH2NH 6.770 7.102 0.332
21 H Ph NH2 PhCH2NH 6.854 6.828 �0.026
22 H H NH2 OCH3 5.038 5.308 0.270
23 H H NH–tBoc OCH3 5.644 5.587 �0.057
24 H H NH–tBoc PhCH2NH 5.921 5.979 0.058
25 H H NH2 PhCH2NH 5.343 5.416 0.073
26 H NH2 Ph OCH3 6.252 6.453 0.201
27 Me 1-Pyrrodinyl H OCH3 5.234 5.551 0.318
28 Me 1-Pyrrodinyl H PhCH2NH 5.377 5.663 0.287
29 Me 1-Pyrrodinyl Ph PhCH2NH 6.585 6.637 0.052
30 H NH2 H OCH3 5.735 5.488 �0.247
31 H NH-tBoc H OCH3 5.695 5.559 �0.136
32 H NH-tBoc H PhCH2NH 6.244 6.060 �0.184
33 Me N(Me)2 Ph PhCH2NH 7.384 6.606 �0.778
34 H NH-tBoc Ph PhCH2NH 6.796 6.892 0.096
35 H NH2 Ph PhCH2NH 6.886 6.982 0.096

Test set
36 1-Morpholinyl Ph H — 4.666 4.558 �0.108
37 N(Me)2 Et NH2 — 4.896 5.045 0.149
38 H NH-tBoc Ph OCH3 6.168 6.428 0.261
39 H NH2 H PhCH2NH 5.505 5.754 0.250
40 1-Piperidinyl Ph NO2 5.631 6.125 0.494
41 Me 1-Pyrrodinyl Ph OCH3 6.469 6.521 0.052
42 Me N(ME)2 Ph OCH3 6.638 6.521 �0.118

IC50 values were measured by HEK 293 cell assay; Entry 33 = KYS05090.
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Figure 1. T-type calcium channel blockers.
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analysis of the CoMSIA field energies was performed using PLS
(partial least squares) with LOO (leave-one-out) cross-validation.
The summary of the statistical results obtained for CoMSIA studies
is shown in Table 2. We found that the CoMSIA hydrophobic



Figure 2. Alignment based on minimum energy conformation of 33 (KYS05090).

Table 2
The summary of PLS (partial least square) analyses

q2 N r2 SEE F r2
pred

Fraction

Steric Electrostatic Hydrophobic

0.642 3 0.874 0.274 71.518 0.884 0.283 0.249 0.468

q2—Leave-one-out cross-validated correlation coefficient; N—optimum number of
components; r2—non-cross-validated correlation coefficient; SEE—standard error of
estimate; F—F-test value; fraction—relative contributions of each CoMSIA
descriptor.

Table 3
The summary of scrambling stability test

No. of components Q2 cSDEP dq20/dr2yy0

1 0.262 0.641 0.695
2 0.520 0.525 0.886
3 0.577 0.500 0.986
4 0.572 0.511 1.092
5 0.544 0.534 1.257

Q2 = 1 � (cSDEP)2—the predictivity of the model after potential effects of redun-
dancy have been removed, that is, the expected value of q2 at the specified critical
point; cSDEP—scaled cross-validated standard error (SDEP normalized by the
standard deviation of the dependent variables); dq20/dr2yy0—the slope of q2 with
respect to the correlation of the original dependent variables versus the perturbed
dependent variables.

Figure 3. (a) CoMSIA steric contour plot with 33 (KYS05090): green contours indicate r
regions where the bulky group decreases activity although not shown here; (b) CoM
hydrophobic group increases activity, whereas gray contours indicate regions where hy

40 J. A. Jeong et al. / Bioorg. Med. Chem. Lett. 20 (2010) 38–41
descriptor played a more significant role (46.8% of contribution)
than descriptors such as steric (28.3%) and electrostatic (24.9%)
in the prediction of biological activity. A good value of 0.874 for
r2 was obtained for this model with the q2 of 0.642. To validate
the predictive power of the model derived using the training set,
biological activities of the test set molecules were predicted. The
predictive ability of the model is expressed by the predictive r2

value.
The scrambling stability test represents a second internal meth-

od to ensure the validity of 3D QSAR models.13 QSAR models which
are unstable (i.e., which change greatly with small changes in
underlying response values) are characterized by slopes (dq20/dr2yy
0) greater than 1.20. Stable models (i.e., which change proportion-
ally with small changes in underlying data) have slopes near unity.
To investigate the risk of chance correlations, the potencies of the
35 compounds were randomly scrambled and the q2 values were
calculated using LOO cross-validation. Again, the scrambling sta-
bility test has to be repeated several times to avoid chance results.
According to the results presented in Table 3, four cases (1, 2, 3,
and 4-component models) showed the acceptable range values of
dq20/dr2yy0. Among them, 3-component model is most reliable be-
cause it showed the highest Q2 value (0.577), the lowest cSDEP
(0.500) and the nearest dq20/dr2yy0 value to unity. It also coincides
with the result of PLS analyses.

The contour maps (Fig. 3) produced by CoMSIA were analyzed
by superimposing them onto KYS05090 as this was the most active
molecule of 3,4-dihydroquinazoline series.

With respect to steric contour plot (a) in Figure 3, three large
green contours indicated the importance of the presence of bulky
groups at C-2, C-3, and C-4 positions in 3,4-dihydroquinazoline
skeleton for channel blocking activity. Thus, compounds 16 and
37 with less bulky groups at these regions exhibited the decreased
activities compared to those of compounds 5, 20, 21, 33 with three
bulky groups. In general, compounds (Types II–IV) with a benzyl
amide at C-4 position exhibited increased activities compared to
those of compounds 1 and 2 (Type 1) with a methyl ester group.
In particular, compound 5 with a 4-phenylsulfonamido-benzyl
group at C-4 position exhibited the increased activities compared
to that of compound 4 with a p-aminobenzyl amide group. In the
case of Type III and Type IV series, finally, compounds (18–21,
26, 38) with a biphenyl group at C-2 or C-3 position generally
exhibited increased activities compared to those of compounds
(22–25 and 30–31) with a phenyl group. With respect to hydro-
phobic contour plot (b) in Figure 3, two large yellow contours indi-
cated the importance of the presence of hydrophobic groups at C-2
egions where the bulky group increases activity, whereas yellow contours indicate
SIA hydrophobic contour plot with 33: yellow contours indicate regions where

drophobic group decreases activity.



Figure 4. CoMSIA electrostatic contour plot with 33: blue contours indicate regions
where positive charge increases activity, whereas red contours indicate regions
where negative charge increases activity.

Figure 5. Actual versus predicted pIC50 of training and test set molecules.
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and C-3 positions for channel blocking activity. Thus, compounds
with a biphenyl group at C-2 or C-3 position in the case of Type
III and Type IV series generally exhibited better activity than com-
pounds with a phenyl group (18–21 vs 22–25; 26, 29, 38, 33 vs 27–
28, 30–32, 39). Both steric and hydrophobic contour plots ex-
plained the strongest activity of 33 (KYS05090) in this series very
well. CoMSIA electrostatic contour map showed that negative
charge favored red regions are localized in the center area of biphe-
nyl group at C-2 position and in the above area of amide nitrogen
at C-4 as shown in Figure 4. Therefore, electrostatic plot also ex-
plained the best activity of 33 (KYS05090) in this series. In addi-
tion, this contour map reasoned the poor activities of compounds
3 and 36 in Type II series, which have a 4-methylpiperazine (nitro-
gen atom) and a morpholine (oxygen atom) in positive charge fa-
vored blue regions at C-2 position, respectively.

Figure 5 shows plots of actual versus predicted activities of
training and test sets of CoMSIA. Blue diamond shows the predic-
tions of the training set and red shows that of test set. The actual
and predicted value of the training and test set molecules showed
a linear relationship. The predictive r2 value of the test set is 0.884.

In conclusion, CoMSIA studies on 42 3,4-dihydroquinazolines
were carried out to develop a 3D QSAR model that provided good
predictivity for the training set (q2 = 0.642, r2 = 0.874) and the test
set (r2

pred = 0.884). The resultant model can be extrapolated to pre-
dict novel and more potent molecules. CoMSIA 3D-maps obtained
from the analysis can be used for the design of new chemical enti-
ties with high T-type calcium channel blocking activity.
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